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57) Abstract: A system for tracking the position of an instrument relative to an area of interest includes a first fixaior configured 
to carry first and second localizing devices. A second fixaior is configured to carry ihc first localizing device. A third localising 
device communicates with the first localizing device and the second localizing device communicates with ihc first localizing device 
such that the position of the second localizing device can be determined relative to the posiuon of the third localizing device The 
second localizing device is attachable to the instrument and the first localizing device is attachable to the first fixaior such that the 
first localizing device communicates with the second localizing device on the instrument in order that the position of the second 
localizing device on the instrument can be determined relative to the third localizing device. 
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TITLE 

INTERCHANGEABLE LOCALIZING DEVICES FOR USE WITH TRACKING 

SYSTEMS 

RELATED APPLICATIONS 
[01] This application claims the benefit of provisional application Serial No. 
60/426,314, filed November 14, 2002, the disclosure of which is hereby incorporated 
in its entirety. 

BACKGROUND OF THE INVENTION 
[02J The present invention relates to a system and method for tracking localizers. 
More particularly, certain embodiments of the present invention relate to an 
electromagnetic tracking system and apparatus used for tracking surgical instruments. 

[03] During surgical operations, it is beneficial to be able to track the direction and 
progress of a surgical instrument, such as a drill bit or screw, into a patient's body in 
order to ensure that the instrument is directed into the appropriate point in the body. 
Therefore, surgical tracking systems have been developed that are able to monitor and 
display movement of a surgical instrument relative to an image of the area of the 
patient's body where surgery is to take place. The area of the patient's body where 
surgery is to take place is imaged using an imaging technology such as an X-ray, 
MRI, CT scan or any other appropriate imaging technology. The scanned images are 
stored in a computer system and are displayed on a screen during the surgical 
procedure. The tracking system includes localizing devices on the instrument and 
patient that communicate with the computer system. The computer system translates 
the location of the localizing devices onto the image to recreate the relative position of 
the instrument to the patient. 

[04] Surgeons are able to track and predict the position of the instrument within the 
patient's body by viewing the position of the instrument on the image, and thus 
accurately align the drill bit or screw into the targeted area of the patient's body. By 
being able to use surgical tracking surgeons are able to effectively use surgical tools 
without having to take numerous X-rays during surgery to follow the progress of the 
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surgical instrument. Therefore, operating room staff and patients are exposed to 
fewer X-rays for each surgical operation. Additionally, surgical tracking presents the 
potential for increased accuracy and improved surgical outcome. 

[05] There are two basic kinds of surgical tracking systems, optical tracking 
systems and electromagnetic tracking systems. Optical tracking systems use a 
number of emitters such as light emitting diodes (LEDs) or reflective spheres that are 
attached to the instruments. A camera system, also known as a digitizer, is used to 
track the positions of the emitters in space. The camera system is connected to the 
computer system which analyzes the positions of the emitters as recorded by the 
camera system to calculate the positions of the emitters, and thus the instruments, on 
the image. 

[06] Electromagnetic tracking systems use electromagnetic transmitters and 
receivers. The transmitter and receiver are in communication with the computer 
system. The transmitter generates an electromagnetic field and the receiver receives 
the field and generates signals to the computer based on the receiver's position in the 
electromagnetic field. The computer reads the signal from the receiver to calculate 
the position of the receiver relative to the transmitter. The transmitter is rigidly 
secured to the patient's body, by bone screws for example, proximate the area of the 
patient's body where surgery is to take place. A C-arm X-ray machine is connected to 
the computer system and takes at least one image of the area of the patient's body 
where surgery is to take place. The C-arm has a receiver that communicates with the 
transmitter and a calibration device that registers the position of the image relative to 
the C-arm. Thus, the computer system is able to calculate the position of points of the 
image relative to the transmitter. A surgical instrument has a receiver that 
communicates with the computer such that the computer calculates the receiver's 
position relative to the transmitter. The computer then calculates the position of the 
receiver relative to the image, and thus displays a representation of the instrument, 
properly positioned on the image based on these calculations. Alternatively, in some 
electromagnetic tracking systems, multiple transmitters and/or receivers are 
positioned relative to the iristrument and the patient to track the instrument. 
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[07] In electromagnetic systems, there are typically restrictions on the distances 
apart that a transmitter and receiver must be placed in order to yield accurate relative 
position information. The transmitter and receiver typically must not be too close to 
one another (e.g., less than a few inches) or too far apart (more than about 1 8 inches) 
Additionally, the presence of devices that generate electromagnetic fields, such as an 
electric drill, can cause interference with the accurate functioning of the localizing 
■system/ Likewise, the presence of some metals, such as those used m retractors 
operatmg room tables or fluoroscopic C-arms, can cause interference that produces 
locahzing errors. This interference is especially pronounced when the metal is in 
elose proximity to either the transmitter or receiver, or anywhere in between them 
This mterference can be minimized by careful placement of the tracking devices 
relative to one another and to potential sources of interference. 

[08J The need to maintain the transmitter and the receiver in close proximity 
creates difficulties for certain procedures such as total knee surgery. Total knee 
surgery is an orthopedic procedure in which the articular cartilage of the knee is 
replaced with prosthetic metal and plastic components. In order to use surgical 
trackmg in the placement of these prosthetic components, toe transmitter typically 
needs to be attached proximate to the patient's knee. The proper positioning of the 
knee components typically requires that the joint centers of the hip, ankle and knee be 
colhnear, defining the mechanical axis of the knee. One way to identify the joint 
centers ,s with x-ray images. However, when the C-arm X-ray machine is used to 
take maages of the hip and ankle, and tire transmitter is attached proximate the 
patient's knee, the distance between adjacent leg joints may be greater than the 
operatmg volume of the EM tracking system. Thus, the transmitter and receiver in the 
C-arm cannot effectively communicate such that the position of the transmitter 
relative to the image may be calculated. Therefore, images of the hip and ankle 
cannot be related to the surgical operation of the knee. 

[09] Additionally, other lands of surgery may also involve distances too great to 
effechvely use a conventional electromagnetic tracking system, m the repair of a 
fracture of the shaft of a long bone, a long rod (intramedullary rod or IM rod) is 
mserted down the central canal of the bone and rigidly ho,ds the fracture fragments 
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together. A first step in this procedure is the drilling of a hole in one end of the bone 
(the insertion end) and then inserting a long rod (reduction tool) down the canal to 
bridge the fracture and align the fragments. A final step in the procedure is the 
insertion of transverse locking screws into the bone and through holes in the 1M rod 
at the end opposite the insertion end of the bone. During this surgery, the range of 
positions for a tracking sensor can vary widely. The tracking sensor on the reduction 
tool may be located at the opposite end from the tool's tip such that, as the tool is first 
inserted into the bone, the tracking sensor may be as much as 50cm from the bone. 
During tracking of a drill to prepare the screw holes for the interlocking screws, the 
tracking sensor may be as much as 50cm horn the insertion end of the bone. 
Therefore, the working range for the tracker approaches one meter. Typically, such a 
distance is too great for a conventional surgical tracking system, especially an 
electromagnetic tracking system. 

[10] Other orthopaedic procedures may create similar difficulties for the surgical 
tracking system. Therefore, a need exists for an improved method and system for 
tracking the movement of an instrument relative to joints situated more than a certain 
distance from the area of surgery. 

BRIEF SUMMARY OF THE INVENTION 
111] Certain embodiments of the present invention include a system for tracking 
the position of an instrument relative to an area of interest. The system includes a 
first fixator secured to a first point along the area of interest. The first fixator is 
configured to carry first and second localizing devices. A second fixator is secured to 
a second point along the area of interest. The second .fixator is configured to carry the 
first localizing device. A third localizing device is positioned proximate a third point 
along the area of interest. The second point is located proximate the first and third 
points. The third localizing device communicates with the first localizing device at 
the second fixator and the second localizing device at the first fixator communicates . 
with the first localizing device at the second fixator such that the position of the 
second localizing device at the first fixator can be determined relative to the position 
of the third localizing device proximate the third point. The second localizing device 
is attachable to the instrument and the first localizing device is attachable to the first 
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fixator such that the first localizing device on the first fixator communicates with the 
second localizing device on the instrument in order that the position of the second 
localizing device on the instrument can be determined relative to the first localizing 
device on the first fixator and to the third localizing device proximate the third point. 

[12] Certain embodiments of the present invention include a system for 
electromagnetically tracking the position of a surgical instrument relative to an image 
of a patient's body. The system includes a C-arm positioned proximate a first point of 
the body. The C-ann includes an imaging device and an electromagnetic receiver. A 
first fixator is joined to the body at a second point proximate an area of interest. The 
first fixator is configured to carry an electromagnetic receiver and an electromagnetic 
transmitter. A second fixator is positioned at a third point of the body proximate the 
first and second points. The second fixator is configured to carry an electromagnetic 
transmitter. The imaging device takes an image of the body. The transmitter at the 
second fixator communicates with the receivers at the C-arm and the first fixator such 
that the position of the receiver at the first fixator can be determined relative to the 
position of the receiver on the C-arm and the image. The receiver at the first fixator is 
attachable to the surgical instrument and the transmitter at the second fixator is 
attachable to the first fixator such that the transmitter communicates with the receiver 
on the surgical instrument in order that the position of the receiver on the instrument 
can be determined relative to the transmitter on the first fixator and to the receiver at 
the C-arm and the image. 

[13] Certain embodiments of the present invention include a method for extending 
the operating range of a tracking system using localizing devices. The method 
includes connecting a first fixator carrying a first localizing device to a first point 
proximate an area of interest, connecting a second fixator carrying a second localizing 
device to a second point proximate the area of interest, and positioning a third 
localizing device at a third point with the second point being located proximate the 
first and third points. The method also includes communicating the first and third 
localizing devices with the second localizing device such that the position of the first 
localizing device relative to the third localizing device may be calculated. The 
method fiirther includes removing the first localizing device from the first fixator and 
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attaching the first localizing device to an instalment proximate the area of interest and 
removing the second localizing device from the second fixator and attaching the 
second localizing device to the first fixator. The method further includes 
communicating the first and second localizing devices with each other such that the 
position of the first localizing device on the instrument relative to the third localizing 
device maybe calculated. 

BRIEF DESCRIPTION OF SEVERAL VIEWS OF THE DRAWINGS 
[14] Figure 1 is an isometric view of a dual fixator formed according to an 
embodiment of the present invention. 

(15] Figure 2 is an isometric view of the dual fixator of Fig. 1 with both a 
transmitter and receiver affixed thereto formed according to an embodiment of the 
present invention. 

(16] Figure 3 is an isometric view of a soft tissue fixator formed according to an 
embodiment of the present invention. 

[17] Figure 4 is an isometric view of the dual fixator of Fig. 1 and the soft tissue 
fixator of Fig. 3 as used during a surgical operation. 

[18] Figure 5 is an isometric view of the dual fixator of Fig. 1 and the soft tissue 
fixator of Fig. 3 as used in connection with the reduction and fixation of a long bone 
with a soft fracture. 

[19] The foregoing summary, as well as the following detailed description of 
certain embodiments of the present invention, will be better understood when read in 
conjunction with the appended drawings. For the purpose of illustrating the 
invention, there is shown in the drawings, certain embodiments. It should be 
understood, however, that the present invention is not limited to the arrangements and 
instrumentality shown in the attached drawings. 

DETAILED DESCRIPTION OF THE INVENTION 
[20] Figure 1 is an isometric view of a dual fixator 10 formed according to an 
embodiment of the present invention. The dual fixator 10 includes a substrate shaped 
attachment block 14 that carries at least one bone screw 18 threaded therethrough. A 



WO 2004/046754 



PCT/US2<M>3fflJr>255 



U-shaped clamp 26 is coveted to an end of the attachment block 14 by a screw or 

Mock 14. The earner beam 22 may be rotable about the screw 30 such that the 
earner beam 22 is repos.tioned at various points relative to the attachment block 1 4. 
PI] The earner beam 22 includes an L-shaped recover block 34 connected thereto 
he recover block 34 is configured to recove and carry a ,oca, Iztng dev.ee such as an' 
electromagnetic receiver (not shown) between a foot 38 and securing ledge 4^ 
Alternatively, the component may be connected to the recover block 34 by a different 
means. The earner beam 22 a,so inc.udes a cyhndrical transmitter post 46 a, an end 
opposne the attachment block 14. The transmitter post 46 has a spring lock 48 that is 
configured to engage and retain a localizing dev.ee, such as an electromagnet, 
ransmrtter (not shown), to the transmitter post 46. Amatively, the component may 
be connected to the transmitter post 46 by a different means, such as a threaded 
connect,, The transmitter post 46 and the receiver block 34 are in fixed and known 
positions relative to one another. 

J22] Figure 2 is an .sometne view of the dual fixator 10 of Fig. , with both „ 
ransmnter 50 and a receiver 54 affixed thereto. The transnutter 50 is connected to 
the transmnter post 46 by the spring , oc k 48, and the recover 54 is snapab.y 
connected to the receiver b,ock 34 along the foot 38 and securing ledge 42 (Fig. n 
The transmitter 50 and recover 54 are rigidly held m fixed positions relative to one 
another and, preferably, the relationship between these fixed positions is known prior 
o use, other by manufacture or calibration. Alternatively, the relationship may be 

detenrnned at time of use through a calibration procedure in which the receiver 54 and 
he tetter 50 are attached to the fixator ,0 simultaneously or serially, and 

then-relattveposttionsdetennined. The transmitter 50 and the receiver 54 both have 

eleetncal cords 48 connecting them to a computer system (not shown). 

[23] Figure 3 is an isometric view of a soft tissue fixator 62 formed according to an 

wmch extends a cylindrica. transmitter post 66. The transmitter post 66 includes a 
spnng lock 74 m order that a locahzmg dev.ee, such as an electromagnetic transm.tto 
(no. shown), may be connected thereto. The fixator 62 includes flexible straps 78 that 
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extend from opposite ends of the flexible base 70. The straps 78 can be wrapped 
around a patient's limb and connected to each other such that the flexible base 70 is 
securely connected to the patient's limb. The straps 78 may be VELCRO ™, 
however, any other means of attaching the flexible base 70 to the patient may be used 
such as bone pins, elastic straps, skin adhesives, or skin staples. The transmitter is 
connected to the transmitter post 66 by the spring lock 74 such that the transmitter is 
secured' to the fixator 62. Alternatively, the transmitter may be attached to an object 
near the patient, such as the operating table or another structure proximate the patient. 
Alternatively, any other means, including rigid fixation to the bone, that retains the 
transmitter relative to the patient may be employed. 

[24] Figure 4 is an isometric view of the dual fixator 10 of Fig. 1 and the soft tissue 
fixator 62 of Fig. 3 as used during total knee surgery. A patient 82 lies on an 
operating table 86. The fixator 10 is affixed to the patient's femur proximal the 
medial epicondyle of the distal femur and carries the receiver 54. The soft tissue 
fixator 62 is attached to the patient's thigh and carries the transmitter 50. A movable 
C-arm 90 is positioned above the patient 82. The C-arni 90 is connected to the 
computer system (not shown) and includes an^ imaging device 94 and a calibration 
target 95 containing calibration points (not shown) and a receiver (not shown). The 
imaging device 94 takes images of the patient, and computer analysis of the 
calibration points determine the position of points on the images relative to the 
receiver on the C-arm 90. 

[25] In operation, the transmitter 50 on the fixator 62 sends electromagnetic signals 
to the receiver 54 on the fixator 10 such that the transmitter 50 and the receiver 54 are 
in communication. The computer system analyzes the communications to calculate 
the position of the receiver 54 located at the distal femur relative to the transmitter 50 
located at the thigh. The C-arm 90 is positioned and the transmitter 50 on the fixator 
62 then sends electromagnetic signals to the receiver on the C-arm 90 such that the 
transmitter 50 and the receiver are in communication. The computer system analyzes 
the communications to calculate the position of the receiver relative to the transmitter 
50 located at the thigh. The imaging device 94 takes an image of the hip. The 
computer system then uses the calibration points to determine the position of the 
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points on the image relative to the C-arm 90. By performing mathematical 
calculations known in the art, the computer system is then able to calculate the 
position of points on the image relative to the transmitter 50. 

[261 The C-arm 90 is withdrawn and the transmitter 50 on the fixator 62 again 
communicates with the receiver 54 on the fixator 10 to recalculate the position of the 
receiver 54 relative to the transmitter 50. The first and second calculated relative 
positions of the transmitter 50 and the receiver 54 are compared. If the comparison 
indicates that the positions are different, or are different to a degree more than an 
acceptable or predetermined threshold, than the surgeon may assume that the fixator 
62 moved and that the accuracy of the position of the C-arm 90 relative to the 
transmitter 50 on the fixator 62 is questionable. Movement of the fixator 62 may be 
attributed to the transmitter 50 being engaged by the surgeon or the C-arm 90, by 
patient movement, or by an unstable attachment of the fixator 62 to the patient 82. 
Likewise, motion of the receiver 54 on the fixator 10, while less likely, can also cause 
a similar error. In case of such an error, the process should be repeated. When the 
first and second calculated relative positions of the transmitter 50 and the receiver 54 
are essentially the same, the surgeon may assume that the fixator 62 did not move 
relative to the bone. Thus, the surgeon has an accurate record of the position of the 
transmitter 50 relative to the C-arm 90 and the image. Using mathematical methods 
known in the art, the computer system can then calculate the position of the receiver 
54 relative to the C-arm 90 and the image of the hip. 

[27] The foregoing assumes that the C-arm 90 may interfere with the 
electromagnetic process of measuring the relative position of the receiver 54 to the 
transmitter 50. Therefore, the C-arm 90 is moved a sufficient distance from the 
transmitter 50 and receiver 54 so as not to interfere with the electromagnetic signals 
communicated therebetween. However, if the C-arm 90 is positioned, or is made of a 
material, such that it does not interfere with the signals, the positions of the C-arm 90 
and the receiver 54 relative to the transmitter 50 may be measured simultaneously. 
Therefore, first and second measurements need not be taken and compared, which 
saves time and money during the operation. 
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[28] After the image of the hip is taken, the receiver 54 is removed from the fixator 
10 and the transmitter 50 is attached to the fixator 10. The position of the transmitter 
50 on the fixator 10 relative to the receiver 54 on the fixator 10 is known or can be 
determined. By using mathematical methods known in the art, the computer system is 
then able to calculate the position of the C-arm 90 relative to the transmitter 50 on the 
fixator 10 at the knee. Thus the surgeon then has an image of the hip and knows 
where the hip is relative to the position of the transmitter 50 at the knee. 

[29] The process may be repeated again at the ankle during total knee surgery. The 
fixator 10 carries the receiver 54 and is secured to the tibia proximate the knee. The 
fixator 62 carries the transmitter 50 and is secured to the calf The C-arm 90 is 
positioned over the ankle and the position of the transmitter 50 relative to the receiver 
of the C-arm 90 and the receiver 54 of the fixator 10 is calculated. The C-arm 90 
acquires images of the ankle. The position of the transmitter 50 relative to the 
receiver 54 is again calculated to confirm the accuracy of the first calculated position. 
The computer system can then calculate the position of the C-arm 90 relative to the 
receiver 54 to determine the position of the image of the ankle relative to the receiver 
54. 

[30] Next, the transmitter 50 is connected to the fixator 10 positioned at the femur 
and the receiver 54 is connected to a second fixator 10 positioned at the tibia. The 
receiver 54 may be moved from one fixator 10 to the other; alternatively a separate 
receiver may be used. The position of the receiver 54 is then measured relative to the 
transmitter 50. The position of the receiver of the C-arm 90 is then measured relative 
to the transmitter 50. The imaging device 94 of the C-arm 90 then takes an image of 
the knee, including the proximal tibia and the distal femur. The position of the 
receiver 54 is then again calculated relative to the transmitter 50 to confirm the first 
measurement therebetween. The computer system then calculates the positions of the 
transmitter 50 and the receiver 54 relative to the image. Alternatively, separate 
images may be taken of the femur and the tibia with the position of a transmitter at 
each bone being calculated relative to the images. 

[31] Once all the images of the hip, ankle, and knee and their relative positions to 
the transmitter 50 are recorded with the computer system, the images may be used to 
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identify the joint centers. The center of the femoral head may be identified by 
locating points on the image that lie in the center of the circular femoral head. 
Alternatively, templates or other graphic or numerical techniques may be used to 
accurately find the center of the femoral head. Similarly, landmarks visible in the 
images may be used to enable the surgeon to identify and mark the center of the knee 
and ankle joints. Alternatively, other non-imaging methods may be used to determine 
the center of any of the joints. For example, the femur may be moved through a range 
of motion at the hip joint, while the system tracks the position of a sensor mounted to 
the femur, and the joint center of the hip is defined as the center of the sphere segment 
defined by sensor motion. Similarly, kinematic methods may be used to identify the 
centers of the knee or ankle, or the surgeon may touch external landmarks with a 
probe (e.g., medial and lateral malleoulus of the ankle) in order to locate the joint 
centers. 

[32] Once the joint centers are identified and the mechanical axis of the leg 
defined, cuts in the femur and tibia may be defined and executed to accommodate the 
total knee components. These are preferably performed with the transmitter 50 placed 
on the fixator 10 of the bone being resected and the receiver 54 connected to the 
cutting block or other instrument being employed. The receiver 54 may be moved 
from the fixator 10 to the instrument; alternatively a separate receiver may be used. 
Thus, with the transmitter 50 and receiver 54 in electromagnetic communication, the 
computer system is able to track the movements of the instrument relative to the 
transmitter 50. Because the position of the transmitter 50 has been calculated relative 
tq the images of the hip, ankle and knee, the position of the instrument may also be 
calculated relative to the images of the hip, ankle, and knee. The computer system 
then recreates the position of the instrument on the images such that the surgeon may 
visually track the instrument relative to any points on the images of the hip, ankle, and 
knee. 

[33] In an alternative embodiment, kinematic analysis of the knee can be performed 
with a transmitter 50 on the femur and a receiver 54 on the tibia, or vice versa. The 
surgeon places the knee through a range of motion and applies stresses to the joint 
while the tracking device records accurate position data for both the femur and tibia. 
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This data can be analyzed by the computer system in order to better define depths of 
cuts, sizing of components, need for soft tissue adjustments, and the optimum 
positioning and orientation of the components relative to the images. 

[34] Figure 5 illustrates an alternative use for the system shown in Fig. 4. The 
procedure shown in Fig. 5 is the reduction and fixation of a long bone with a shaft 
fracture. Prior to placing an intramedullary rod down a fractured femur 1 12, a long 
reduction tool 98 is inserted down the shaft of the femur 112 for the purpose of 
bridging the fracture site and aligning the fragments. The reduction tool 98 has a 
handle 106 that carries a tracking receiver 54. As the tip of the reduction tool 98 is 
first inserted into a first end of the femur 112, the distance between a distal bone 
fragment 102 and the handle 106 of the reduction tool 98 can be over twice the length 
of the femur. 

[35] hi order to track the reduction tool 9S relative to the distal bone fragment 102, 
the fixator 10 is attached to the distal fragment 102 as shown in Fig. 5. The 
transmitter 50 is connected to the fixator 10 and images are taken of the distal bone 
fragment 102 such that the position of the transmitter 50 relative to the image of the 
fragment 102 may be calculated. The transmitter 50 is then removed from the fixator 
10 and replaced by the receiver 54. The transmitter 50 is then connected to the fixator 
62 which is attached to the patient's thigh proximate the insertion site of the reduction 
tool 98. Alternatively, the transmitter 50 may be rigidly attached to the proximal bone 
fragment or any structure. A second receiver 54 is then attached to the reduction tool 
98 at the handle 106 and the reduction tool 98 is then inserted into the femur 112. 
Because the positions of the transmitter 50 on the fixator 10 and the receiver 54 on the 
fixator 10 are known relative to one another or may be determined, the computer 
system is able to calculate the position of the receiver 54 on the fixator 10 relative to 
the image. The position of the receiver 54 at the distal bone fragment 102 and the 
position of the receiver 54 on the reduction tool 98 are then simultaneously measured 
relative to the transmitter 50 at the fixator 62. 

[36] The computer system then calculates the position of the reduction tool 98 
relative to the image of the bone fragment 102. This information is recorded and 
shown on the image such that the surgeon may track the movement of the reduction 
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tool 98. Alternatively, additional receivers may be rigidly attached to other fragments 
and images may be taken of the fragments in order that the movement of the reduction 
tool 98 may be tracked relative to the other fragments. 

[37] While the foregoing describes an interchangeable localizing device system for 
accommodating surgical tracking over relatively large distances in total knee surgery 
and shaft fracture repair surgery, it should be understood that this system applies 
equally well to any procedure winch involves similar distances. Additionally, if still 
greater distances than these may be involved, the distances may be accommodated by 
additional transmitters and/or receivers spaced apart over the additional distance and 
in communication with one another. Even without additional sensors, the longer 
distances may be accommodated by moving a transmitter and receiver pan- 
sequentially among a series of rigidly placed dual fixators. Also, the method 
disclosed may use transmitters where receivers are used and receivers where 
transmitters are used. Further, while the foregoing describes the use of an 
electromagnetic transmitter and receiver, it should be noted that any tracking system 
may benefit from these techniques and apparatus. For example, emitters used in 
optical tracking systems may be interchangeably positioned along a surgical area of 
interest as described above in regard to the transmitters and receivers. 

[38] Alternatively, two instruments separated by large distance during surgery may 
be tracked relative to each other and an image. For example, one instrument may 
carry a first receiver and the other instrument may carry a second receiver. A 
transmitter may be positioned between the instruments with its position known (or its 
position may be determined) relative to an image of the surgical area of interest. The 
transmitter communicates with the receivers on the instruments and the computer 
system in order that a surgeon may track the positions of the instruments relative to 
each other and to the image. Again, localizers besides electromagnetic transmitters 
and receivers may be used in the alternative. 

[39] Alternatively, two instruments separated by a large distance during surgery 
may be tracked relative to each other and an image by use of at least two fixators. A 
first fixator is connected at a first point proximate an area of interest and carrying a 
receiver and a secondilxator is connected at a second point proximate the first point 
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and carrying a transmitter. A first instrument carries a receiver which communicates 
with the transmitter on (lie second fixator such that the position of the receiver on the 
first instrument can be determined relative to the transmitter. The transmitter 
communicates with the receiver on the first fixator in order that the position of the 
receiver on the first instalment can be determined relative to the position of the 
receiver at the first fixator. A second instalment carries a transmitter which 
communicates with the receiver on the first fixator in order that the position of the 
transmitter on the second instalment can be determined relative to the receiver on the 
first fixator and to the position of the receiver on the first instrument. 

[40] Alternatively, in the example of the two instalments and two fixators, the first 
fixator connected at the first point may be configured to carry a transmitter and a first 
receiver with the positions of the transmitter and the first receiver on die first fixator 
being fixed and known relative to one another. The second fixator may be configured 
to caay the transmitter and the first instrument, may carry a second receiver that 
communicates with the transmitter on the second fixator in order that the position of 
the second receiver can be determined relative to the transmitter. The transmitter in 
turn communicates with the first receiver on the first fixator such that the position of 
the second receiver on the first instrument can be determined relative to the position 
of the first receiver on the first fixator. The second instrument may be configured to 
cany a third receiver that communicates with the transmitter on the first fixator in 
order that the position of the third receiver on the second instrument can be 
determined relative to the transmitter on the first fixator and thus to the position of the 
second receiver on the first instrument. 

[41] While the invention has been described with reference to certain 
embodiments, it will be understood by those skilled in the art that various changes 
may be made and equivalents may be substituted without departing from the scope of 
the invention. In addition, many modifications may be made to adapt a particular 
situation or material to the teachings of the invention without departing from its 
scope. Therefore, it is intended that the invention not be limited to the particular 
embodiment disclosed, but that the invention will include all embodiments falling 
within the scope of the appended claims. 
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CLAIMS 

1 ■ A system for tracking the position of an instrument relative to an area 
of interest, comprising: 

a first fixator secured to a first point along said area of interest, said first 
fixator being configured to cany first and second localizing devices; 

a second fixator secured to a second point along said area of interest, said 
second fixator being configured to carry said first localizing device; and 

a third localizing device positioned proximate a third point along said area of 
interest, said second point being located proximate said first and third points, said 
third localizing device communicating with said first localizing device at said second 
fixator and said second localizing device at said first fixator communicating with said 
first localizing device at said second fixator such that the position of said second 
localizing device at said first fixator can be determined relative to the position of said 
third localizing device proximate said third point, said second localizing device at said 
first fixator being attachable to said instrument and said first localizing device at said 
second fixator being attachable to said first fixator such that said first localizing 
device on said first fixator communicates with said second localizing device on said 
instrument in order that the position of said second localizing device on said 
instrument can be determined relative to said first localizing device on said first 
fixator and to said third localizing device proximate said third point. 

2. The system of claim 1, wherein said first localizing device is an 
electromagnetic transmitter and said second and third localizing devices are 
electromagnetic receivers. 

3. The system of claim 1, wherein said first, second, and third localizing 
device are emitters for use in an optical tracking system. 

4. The system of claim 1, further comprising a computer system that 
monitors the communications between said first, second, and third localizing devices 
and calculates their relative positions. 



15 



BNSDOCIH <WO. 20040«75«2J > 



WO 2004/046754 



PCT/US2003/0J6255 



5. The system of claim 1, wherein additional localizing devices may be 
positioned about said area of interest. 

6. The system of claim I, further comprising a C-arm having an imaging 
device and said third localizing device and being positioned proximate said third 
point, said imaging device taking an image of said area of interest, said third 
localizing device communicating with said first localizing device such that the 
positions of said first and second localizing devices can be determined relative to said 
image. 

7. The system of claim 1, wherein said first fixator is rigidly secured to a 
patient's body by bone screws and is configured to carry an electromagnetic 
transmitter and an electromagnetic receiver. 

8. The system of claim 1, wherein said second fixator is secured to a 
patient's body by connectable strap and is configured to cany an electromagnetic 
transmitter. 

9. A system for localizing instruments relative to a patient's bone 
comprising: 

an electromagnetic localizing device with an electromagnetic field transmitter 
and an electromagnetic field receiver; 

a fixator for attaching to bone, said fixator being capable of attaching a 
transmitter and receiver in a fixed and known position relative to one another; 

a first surgical instrument with an attached transmitter; 

a second surgical instrument with an attached receiver; 

means for determining the position of the first surgical instrument relative to 
the fixator with an attached transmitter; 

means for determining the position of the second surgical instrument relative 
to the fixator with an attached receiver; and 
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means for calculating the position of the first surgical instrument relative to 
the second surgical instrument. 

10. A system for electromagnetically tracking the position of a surgical 
instrument relative to an image of a patient's body, comprising: 

a C-arm positioned proximate a first point of said body, said C-arm including 
an imaging device and an electromagnetic receiver, said imaging device taking an 
image of said body; 

a first fixator joined to said body at a second point proximate an area of 
interest, said first fixator being configured to carry an electromagnetic receiver and an 
electromagnetic transmitter; and 

a second fixator positioned at a third point of said body proximate said first 
and second points, said second fixator configured to cany an electromagnetic 
transmitter, said transmitter at said second fixator communicating with said receivers 
at said C-arm and said first fixator such that the position of said receiver at said first 
fixator can be determined relative to the position of said receiver on said C-arm and 
said image, said receiver at said first fixator being attachable to said surgical 
instrument and said transmitter at said second fixator being attachable to said first 
fixator such that said transmitter communicates with said receiver on said surgical 
instrument in order that the position of said receiver on said instrument can be 
determined relative to said transmitter on said first fixator and to said receiver at said 
C-arm and said image. 

11. The system of claim 10, iurther comprising a computer system that 
monitors the communications between said transmitter and said receivers and 
calculates their relative positions to each other. 

12. The system of claim 10, wherein the position of said transmitter on 
said first fixator can be determined relative to the position of said receiver on said first 
fixator in order that the position of said transmitter on said first fixator relative to said 
receiver at said C-arm may be determined. 
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13. The system of claim 10, wherein additional transmitters and receivers 
may be positioned about said patient to communicate with each other. 

1 4. The system of claim 1 0, wherein said C-arm calibrates the position of 
the receiver at said C-arm relative to the image such that when said transmitter 
communicates with said receiver at said C-arm, the position of said transmitter 
relative said image may be calculated. 

15. The system of claim 1 0, wherein said first fixator is rigidly secured to 
the patient's body by bone screws. 

16. The system of claim 10, wherein said second fixator comprises a post 
and lock spring for securing said transmitter thereto and comiectable straps for 
externally securing said second fixator to the patient's body. 

17. The system of claim 10, wherein said first fixator comprises a post and 
lock spring for secunng said transmitter thereto and a connection block for securing 
said receiver thereto. 

18. A method for extending the operating range of a tracking system using 
localizing devices, comprising: 

connecting a first fixator carrying a first localizing device to a first point 
proximate an area of interest; 

connecting a second fixator carrying a second localizing device to a second 
point proximate the area of interest; 

positioning a third localizing device at a third point, said second point being 
located proximate said first and third points; 

providing said first and third localizing devices in communication with said 
second localizing device such that the position of said first localizing device relative 
to said third localizing device may be calculated; 

removing said first localizing device from said first fixator and attaching said 
first localizing device to an instrument proximate said area of interest; 

removing said second localizing device from said second fixator and attaching 
said second localizing device to said first fixator; and 

18 



bnsoooo: <wo__aoo«467s*tt.i. i 



WO 2004/046754 



PCT/US2003/036255 



providing said first and second localizing devices in communication with each 
other such that the position of said first localizing device on said instrument relative to 
said third localizing device may be calculated. 

19. The method of claim 18, wherein said first and third localizing devices 
are electromagnetic receivers and said second localizing device is an electromagnetic 
transmitter. 

20. A method for extending the spatial operating range of an 
electromagnetic localizing system comprising the steps of: 

providing a first surgical instrument with an attached receiver; 

providing a second surgical instalment with an attached transmitter; 

providing a fixator to which a receiver and a transmitter attach; 

calculating the position of a receiver attached to the fixator relative to a 
transmitter attached to the fixator; 

attaching a receiver to the fixator; 

determining the position of the first surgical instrument relative to the receiver 
attached to the fixator; 

removing the receiver from the fixator; 

attaching a transmitter to the fixator; 

determining the position of the second surgical instrument relative to the 
transmitter attached to the fixator; and 

calculating the position of the first surgical instrument relative to the second. 

21. A system for extending the operating range of a tracking system using 
localizing devices, comprising: 
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a first fixator connected to a first point proximate an area of interest, said first 
fixator being configured to carry a first localizing device; 

a second fixator at a second point and proximate said first point, said second 
fixator being configured to carry a second localizing device; 

a first instrument configured to carry a third localizing device, and said third 
localizing device on said first instalment communicating with said second localizing 
device at said second fixator in order thai the position of said third localizing device 
can be determined relative to said second localizing device, said second localizing 
device communicating with said first localizing device at said first fixator in order 
that the position of said third localizing device on said first instrument can be 
determined relative to the position of said first localizing device at said first fixator; 
and 

a second instrument configured to carry a fourth localizing device, said fourth 
localizing device communicating with said first localizing device at said first fixator 
in order that the position of said fourth localizing device on said second instrument 
can be determined relative to said first localizing device on said first fixator and to the 
position of said third localizing device on said first instrument. 

22. A system for extending the operating range of a tracking system using 
localizing devices, comprising: 

a first fixator connected to a first point proximate an area of interest, said first 
fixator being configured to carry first and second localizing devices, such that the 
positions of said first and second localizing devices on said first fixator are fixed and 
known relative to one another; 

a second fixator at a second point proximate said first point, said second 
fixator being configured to carry said second localizing device; 

a first instrument configured to carry a third localizing device, said third 
localizing device communicating with said second localizing device on said second 
fixator in order that the position of said third localizing device can be determined 
relative to said second localizing device, said second localizing device 
communicating with said first localizing device on said first fixator such that the 
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P-fion of sa,d third locating dev.ce on sa.d first instrument can be determined 
relattve to deposition of sa.d first localizing device on said first fixator- and 

a second instrument configured to carry a fourth localizing dev.ce, said fourth 
ocahzmg device commnntcating with sa.d second .ocahzmg dev.ce a, said firs, 
fixator in order that the posihon of said fourth localizing device on said second 
instrument can be determined relative to said second localizing dev.ce on said firs, 
fixator; and such that ,he posi.ion of said fourth .ocalizing dev.ce on said second 
ms rument can be determined relat.ve to sa.d posit.on of the thud localizing dcv.ee on 
said first instrument. 

23. The system of cJaim 22, wherein said second localizing device is an 
e ectromagnetic transmitter and said first, third and fourth localizing devices are 
electromagnetic receivers. 

24 The system of claim 22, wherein said firs, ins.rumen, carrying sa ld 
Uurd locahzmg dev.ce is a C-arm havmg an imagmg device and being positioned 
Parnate said firs, point, said imaging dev.ee taking an lmage proximate said fot 
pen, such that the position of said second .ocahzmg dev.ce a, said first fixator can be 
determined relative to said image. 

25. The system of claim 22, wherein said second instrument is a C-arm 
havmg an imaging device and bemg pos.t.oned proximate said second point said 
unagmg dev.ce takmg an .mage proximate sa.d second point, said fourth locahzing 
dev.ee communicating with sa.d second .ocalizing device such that the position of 
satd second locahzing device at said first fixator can be determined relative to said 
image. 

26. The system of claim 22, wherein said first, second, third, and fourth 
locahzmg device are emitters for use in an optical tracking system. 

27. The system of claim 22, further comprising a computer system that 
momtors the communications between said first, second, third, and fourth locahzing 
devices and calculates their relative positions. 
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28. The system of claim 22, wherein additional localizing devices may be 
positioned about said area of interest. 

29. The system of claim 22, wherein said first fixator is rigidly secured to a 
patient's body by bone screws and is configured to carry an electromagnetic 
transmitter and an electromagnetic receiver. 

30:- ■ The system of claim 22, wherein said second fixator is secured to a 
patient's body by connectable strap and is configured to carry an electromagnetic 
transmitter. 

31. The system of claim 22, wherein said known relationship between said 
first and second localizing devices at said first fixator is determined by manufacture 
of said first fixator. 

32. The system of claim 22, wherein said Icnown relationship between said 
first and second localizing devices at said first fixator is determined by a calibration 
procedure. 

33. A fixator for use with a surgical tracking system, comprising: 
a means for attaching a first localizing device; and 

a means for attaching a second localizing device such that the first localizing 
device is held in a fixed and Icnown relationship to the second localizing device. 

34. The fixator of claim 33, wherein said known relationship between said 
first and second localizing devices at said fixator is determined by manufacture. 

35. The fixator of claim 33, wherein said known relationship between said 
first and second localizing devices at said fixator is determined by a calibration 
procedure. 

36. The system of claim 35, wherein said calibration procedure comprises 
the calculation of the positions of said first and second localizing devices by a surgical 
tracking system. 



22 



WO 2004/046754 



PCT/US2003/036255 



37. A system for localizing instruments relative to a patient's bone, 
comprising: 

a fixator for attaching to bone, said fixator being configured to carry a 
transmitter and receiver in a fixed and known position relative to one another; 

a first surgical instrument with an attached receiver; 

a second surgical instrument with an attached receiver; 

means for determining the position of the first surgical instrument relative to 
said fixator with an attached transmitter; 

means for determining the position of .he second surgical instrument relative 
to the fixator with an attached receiver; and 

means for calculating the position of the first surgical instrument relative to 
the second surgical instrument. 

38. The system of claim 37 wherein said means for determining the 
position of the second surgical instrument relative to said fixator comprises a second 
fixator with a transmitter, said transmitter in communication with said receiver 
attached to said second surgical instrument and with a rece.ver attached to said first 
fixator. 

39. A method for extending the spatial operating range of an 
electromagnetic localizing system comprising the steps of: 

providing an electromagnetic localizing device with an electromagnetic 
transmitter and receiver; 

providing a first surgical instrument with an attached receiver; 
providing a second surgical instrument with an attached receiver; 
providing a fixator to which a receiver and a transmitter attach; 
determining the position of a receiver attached to the fixator relative to a 
transmitter attached to the fixator; 

attaching a receiver to the fixator; 

determine the position of said first surgical instrument relative to said 
receiver attached to said fixator; 

removing said receiver from said fixator; 
attaching a transmitter to said fixator; 
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determining the position of said second surgical instalment relative to said 
transmitter attached to said fixator; and 

determining the position of said first surgical instrument relative to said 
second surgical instalment. 

40. The method of claim 39 wherein the step of determining the position of 
said first surgical instrument relative to said receiver attached to said fixator 
comprises (he steps of: 

providing a second fixator with a transmitter; 

determining the position of said receiver on said first surgical instrument 
relative to said transmitter on said second fixator; 

determining the position of said receiver on said fixator relative to said 
transmitter on said second fixator; and 

determining the position of said receiver on said first surgical instrument 
relative to said receiver on said fixator. 

41. A method of determining the position of an image of a first area of 
interest relative to a second area of interest comprising the steps of: 

connecting a first fixator carrying a first localizing device to a first point 
proximate said first area of interest; 

connecting a second fixator carrying a second localizing device to a second 
point proximate said second area of interest; 

providing an imaging device configured to acquire an image of an area of 
interest and carrying a third localizing device; 

determining a first position of said third localizing device relative to said 
second localizing device; 

determining a first position of said first localizing device relative to said 
second localizing device; 

acquiring an image of said first area of interest with said imaging device; 

detemnning a second position of said third localizing device relative to said 
second localizing device; 

determining a second position of said first localizing device relative to said 
second localizing device; 
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calculating the difference between said first and second positions of said first 
localizing device relative to said second localizing device and the difference between 
said first and second positions of said third localizing device relative to said second 
localizing device; 

calculating the position of said third localizing device relative to said first 
localizing device if said difference is less than a predetermined threshold; and 

indicating an error if said difference is greater" than said predetermined 
rlireshold. 
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